Abstract. Carbon coated Sn and Pb spheres of radius smaller than the superconducting coherence length of the bulk materials were fabricated using a sonochemical technique. Both samples reveal Type-I superconducting behavior characterized by supercritical fields. Analysis of the data reveal the expected enhancement of the critical field, Hc, in the Pb but not in the Sn nano-spheres. The different behavior of the Sn spheres is attributed to carbon doping which results in a decrease of their effective coherence length to below the spheres size.
Introduction
Superconductors of size smaller than the coherence length exhibit significant different properties than the bulk materials [1, 2] . A notable example is the dramatically enhanced critical field, Hc, in nano-size Type-I superconductors [3] [4] [5] . A pitfall in characterizing nano-particles may arise from agglomeration and/or oxidation of the nano-particles. This is commonly prevented by coating the particles with various materials. In this paper we describe magnetic measurements in carbon coated Pb and Sn nano-spheres, indicating that the coating process may cause doping of the material, thus reducing the effective coherence length to below the particles size leading to elimination of size effects. Such a phenomenon occurs in Sn but absent in Pb for a reason to be explained below.
Experimental
Granules of pure Sn and Pb metals were melted in silicone oil in a separate quartz test tubes. The mixture was irradiated for 5 minutes with 20 kHz ultrasonic energy, forming a suspension of particles in the Si-oil. After precipitation, the particles were separated using a centrifuge, washed several times with n-hexane and dried in vacuum. X-ray diffraction of both elements showed the existence of only Pb and Sn confirming the purity of the samples. The size distribution of the nano-particles was measured using Dynamic Light Scattering (DLS). These measurements showed an average particle size of ~120 and ~70 nm with a full width at half maximum of ~20 nm for Sn and Pb, respectively. The magnetic measurements described in the next section were performed using a Superconducting Quantum Interference Device (SQUID -Quantum Design MPMS-5XL) magnetometer. Figure 1 shows magnetization curves for the Pb (upper panel) and Sn samples measured at the indicated temperatures, for increasing and decreasing fields. Both samples exhibit characteristics of type-I superconductors, namely magnetic hysteresis with so called "superheating", ℎ , and "supercooling", , fields -terms borrowed from first order phase transition driven by temperature (these supercritical field are marked in Fig.1 by arrows for the lowest temperature of each sample) [6] . The temperature dependence of ℎ and for both samples is shown in Figure 2 . From these data one can deduce and the Ginzburg-Landau parameter , based on the equations derived by Feder et al. for spherical type-I superconductors [7] These two equations yield: Figure 3 shows the values of for both samples as a function of temperature, derived from Eq. (3). The solid lines are fits to the empirical approximation
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2 ), yielding the values 305 and 950 Oe for (0) in the Sn and Pb nano-spheres, respectively. We note that while the (0) value for the Sn nano-spheres are close to that for bulk (300 Oe), (0) for the Pb nano-spheres is significantly higher than the bulk value (800 Oe) [8] . The increase of (0) for the Pb nano-spheres is consistent with previous reports of enhanced critical field in type-I nano-particles (see, e.g. [8, 9] ). The result for Sn, however, is inconsistent with these reports (see, e.g. [3] ).
We argue that the size effect in Sn is eliminated by a significant reduction of the coherence length to a value smaller than the size of the sample, due to carbon doping of the spheres. This is indicated by a significant increase in κ(0) relative to a clean Sn bulk, estimated as follows. We approximate the value of κ( ) by inserting in Eq. (4) the values of ℎ and at the highest measured temperature (3.2 K in Sn), yielding κ( ) ≈ 0.18 . Using the empirical approximation κ(T) = κ(0)/(1 + ( / ) 2 ) [6] yields κ(0) ≈ 0.36, which is significantly higher than the reported value of 0.15 for clean bulk Sn [8] . To estimate the value of the effective coherence length, eff, for this sample we use the equation [10] : (5) where the value of the electron mean free path, , is estimated using the dirty limit formula [6] κ( ) = Similar calculation for the Pb sample yields κ( ) ≈ 0.23, implying κ(0) ≈ 0.46, which is close to that of a clean bulk sample (0.44 in [8] ). This result suggest that the Pb nanospheres are unaffected by the carbon coating and, therefore, exhibit the expected size effect in described above. The fact that the Pb spheres are 'clean' whereas the Sn spheres are 'dirty', although they went through the same carbon coating process, is explained by the fact that Pb, unlike Sn, does not dissolve carbon and does not interact with it to form chemical bonds [11] . 
Summary and Conclusions
Magnetic measurements in carbon-coated Sn and Pb nano-spheres, with size smaller than the coherence length, 0, of the clean material, show a significant increase of in the Pb but not in the Sn spheres. The absence of an increase in Hc in the Sn spheres is attributed to carbon doping of the Sn during the coating process. The doping results in a decrease in the effective coherence length to below the spheres size, thus eliminating the size effect. Doping of the Pb nano-spheres by carbon is less effective because Pb does not dissolve carbon and does not interact with it to form chemical bonds. 
